The hadrodynamics of the instantaneous weak interactions (IWI) in Standard Model is considered supposing the resonance nature of the chiral hadronization of quark currents in QCD. Exploiting this supposition and QCD symmetries the IWI mechanism of enhancement of the K → π transition probability is obtained and relations between electroweak meson form factors and the amplitudes of the processes K + → π + e + e − (µ + µ − , νν) and K + π − → e + e − (µ + µ − , νν) are found.
Introduction
The observation of kaon weak decays has been crucial for the modern theory of particle physics [1] . It was accepted to describe weak decays in the framework of electroweak theory at the quark QCD level including current vector boson weak interactions [2, 3] . However, a consistent theory at large distances of QCD is not yet constructed up to now. Therefore, now the most effective method of analysis of kaon decay physics [4, 5, 6, 7] is the chiral perturbation theory [8, 9] . In applying this method including one-loop contributions one should however take into account that the region of validity of the naive quantum chiral theory is only the low energy decomposition.
The first paper on the meson form factors in chiral perturbation theory [10] revealed the resonance nature of this chiral decomposition. Taking into account the summation of the chiral series as the meson form factors in the investigation of the processes directly connected with the K → π transition (like nonleptonic kaon decays and K + → π + e + e − (µ + µ − , νν)) is the main difference of the effective chiral Lagrangian approach applied in the present paper from other ones cited above. The introduction of the meson form factors in the chiral dynamics supposes that γ, W, Z fields are unitary irreducible representations of the Poincare group. It was well known [11, 12, 13, 14] that construction of these representations in a concrete Lorentz frame separates the instantaneous Coulomb and Yukawa potentials. The dominance of the instantaneous Yukawa interactions in the kaon-pion transitions is another supposition that differs our approach from the previous ones.
We suppose also that the quark content of the mesons determines hadronization of QCD [15, 16] conserving its chiral and gauge symmetries.
These differences allow us to study the possibility of establishing connection of the corresponding decay probabilities with the π and K meson form factors and extracting information about form factors of π and K mesons from the
We present the explicit forms of the amplitudes of these processes in terms of meson form factors in the Standard Model of electroweak (EW) interactions.
Chiral Bosonization of EW Interaction
We begin with the Lagrangian of EW interaction of quarks
where
where using the Gell-Mann matrixes λ k one can define the meson current as [8] 
In the first orders in mesons one can write
and
here F π ≃ 92 MeV. The right form of chiral Lagrangian of the electromagnetic interaction of mesons can be constructed by the covariant derivative
The main idea is a consideration of the instantaneous interactions in this model (that is associated with the Yukawa potential of massive vector bosons).
Instantaneous Coulomb Interaction in QED
In order to explain the main idea of describing of massive bosons, let us consider the action of photons S QED = d 4 xL, where
is the QED Lagrangian, A µ is a vector potential,
is the electron-positron field described by the Dirac bispinor, j µ = eψγ µ ψ is the charge current, and e is the electron charge. The instantaneous Coulomb interaction appears in QED in a concrete Lorentz frame, because the time component of the vector field A 0 = A µ n µ has the zero canonical momentum [12] supposed to consider A 0 as a classical field and excluded it by the manifest resolution of the Gauss constraint ∆A 0 − ∂ 0 ∂ k A k = −j 0 (where ∆ = ∂ 2 j ) and the gauge transformation
. These functionals were called the "dressed fields", or the "radiation variables". In terms of the radiation variables the initial action of QED takes a form
This Lagrangian contains the Coulomb instantaneous interaction forming atomic and molecular bound states in the lowest order of the "radiation corrections" A (rad) k = 0. The radiation action (9) corresponds to the propagator
Using the Lorentz transformations (proved at the level of Poincare algebra of observables [11, 17] ) one can find the photon propagator in an arbitrary frame as follows [13] ,
and n µ is the timelike vector reflecting the initial conditions defined by physical states of the quantized fields [15, 16] . 1 Here n µ is a unit timelike vector n 2 µ = 1 that distinguishes timelike and spacelike components [
Instantaneous Interaction in SM
Generalization of the Dirac radiation variables in QED (11) to massive vector fields, described by the action,
was proposed in [14] using the manifest resolution of the Gauss equation and "dressing" all fields by the gauge transformation with λ
The action of SM in terms of the radiation variables contains the instantaneous Yukawa interaction of the currents (5) and (6) with Hamiltonian
The radiation variables lead to a propagator of type of the QED one (10)
which has no singularity in the massless limit and is well behaved for large momenta. As it was shown in [14] , the Lorentz transformations of classical radiation variables coincide with the quantum ones and they both (quantum and classical) correspond to the transition to another Lorentz reference frame distinguished by another time-axis, where the propagator takes the form
The time-axis n µ is given by the in (out) physical states [15, 16] . Further we would like to apply this propagator to the description of physical processes with axial and vector currents.
5. The K → π Transition Amplitude and the Rule ∆T = 1 2
One can estimate the K + → π + transition amplitude
Making the normal ordering of the π 0 fields in the simultaneous product of vector currents, in the rest frame p µ = (p 0 , 0, 0, 0), one can find the expression
where 
one can use the massive vector-type form factors
In this case, neglecting terms of the order of (m π /M W ) 2 we obtain for the parameter of the enhancement of the probability of K + → π + transition (17) the value
here the last approximation is valid for M * K 2 ∼ M ρ 2 . The substitution of the values of masses M K * = 892 MeV, M ρ = 770 MeV [18] and coupling constant 2πF π = 578 MeV gives us g 8 ≃ 5.15 in satisfactory agreement with the value g 8 ≃ 5.1 accepted now for description of the observational data [18, 19] 3 . This result shows that the simultaneous vector interaction can increase the axial interaction K + → π + transition in g 8 times and give a new term describing the K 0 → π 0 transition proportional to g 8 − 1. Using the covariant perturbation theory [21] 4 one can calculate this enhancement in terms of currents as the effective Lagrangians [22] 
in satisfactory agreement with experimental data within the accuracy 20 ÷ 30% [8, 22] .
The K
The result of calculation of the axial contributions to the amplitude of the process K + → π + + l +l within the framework of chiral Lagrangian (1), (3) including phenomenological meson form factors shown in Fig. 1 as a fat dot takes the form
2 In the following we neglect l 2 in the sum M 2 W + l 2 in (17). 3 To make much more realistic analysis, we have to use the unitary and analytic model for meson form factors [20] describing very well all experimental data. 4 The covariant perturbation theory was developed as the series
2 ) with respect to quantum fields γ added to ξ as the product e iγ e iξ ≡ e i(γ⊕ξ) [21] .
(a)
is the constant, L µ =lγ µ l is leptonic current,
and f 
On the mass-shell the sum (24) takes the form
As can be seen in [4, 5] , the amplitude for K + → π + + l +l vanishes at the tree level, where form factors are equal to unit t(q 2 )| f V =f A =1 = 0. It is well known that these form factors in the limit q 2 → 0 take the form f
π,K are the axial and vector mean square radii of mesons, respectively, in agreement with the chiral perturbation theory [4, 8, 10] .
The result of calculation of vector contributions to the amplitude of the process K + → π + + l +l within the framework of chiral Lagrangian (1), (3) including phenomenological meson form factors shown in Fig. 2 as a fat dot takes the form
where Using the result (17) one can write on the mass shell
where g 8 , t(q 2 ) are given by Eqs. (17) and (25), respectively. Finally, the result of calculation of axial and vector contributions to the amplitude of the process K + → π + + l +l within the framework of chiral Lagrangian (2),(5) including phenomenological meson form factors takes the form
This amplitude leads to the total decay rate for the transition
The parametrization of the meson loop contribution by the function φ(q 2 ) in [5] instead of t(q 2 )/q 2 given by Eq. (25)
allows us to estimate a value of the total decay rate (30) in our model. In particular, comparing the first order of the low energy decomposition of the vector and axial form factors
(the values of resonance masses are M ρ = 770 MeV and M a = 980 MeV [18] ) with the results obtained in [5] for φ(0) = 1/(4π) 2 and Γ(K
GeV, we obtain the value of Γ(K
GeV in satisfactory agreement with the experimental data Γ(K + → π + l + l − ) = 1.44 ± 0.27 × 10 −23 GeV [18, 19] . This is an argument that the detailed investigation of the differential K → πe + e − decay rate in the NA48/2 CERN experiment can give us information about the meson form factors [20] . The IWI mechanism of enhancement |∆T | = 1 2 considered in this paper can be generalized to a description of other processes including K + → π + νν by replacing the γ-propagator by the Z-boson one, so that we have the relations
Conclusion
We have seen that experimental data testify to that the kaon-pion transition can be described in SM model as a semiclassical effect obtained by the normal ordering of the pion field in the instantaneous Yukawa interaction (12) . This Yukawa interaction can explain the rule △T = 1/2 in the nonleptonic kaon decays in the lowest order of the "radiation corrections". Paraphrasing Lord Eddington: "A proton yesterday and electron today do not make an atom" [23] one can say that "A kaon yesterday and pion today do not make a weak K → π transition" [2, 3] . The classical consideration of massive vector boson time components justifies taking into account physical form factors and the resonance nature of the chiral perturbation theory [8, 10] . Exploiting the instantaneous weak interaction (IWI) mechanism of enhancement in the K → π transition probability and QCD symmetry we derive the sum rule of EW vector meson form factors given by Eqs. (17), (25), (30) and their relation to the differential K → πe + e − decay rate (31).
